The Sloan Digital Sky Survey (SDSS) has scanned the entire region containing the Draco dwarf spheroidal galaxy to 23 rd magnitude in g * . We present a catalog of stars found in a 453 square arcminute, elliptical region centered on the Draco dwarf spheroidal galaxy. Objects in the catalog are matched with five previously published catalogs. The catalog contains SDSS photometry for 5634 individual objects, and also the photometry from matches to any of the other catalogs. A comparison of the photometry between catalogs allows us to identify 142 candidate variable objects. One hundred and twelve of the suspected variables have colors consistent with RR Lyrae variables.
INTRODUCTION
The Draco dwarf spheroidal companion to the Milky Way, at a distance of about 82 kpc (Mateo 1998) , was discovered fifty years ago from examination of Palomar Observatory Sky Survey Schmidt plates (Wilson 1955) . The horizontal branch for this dwarf galaxy is located at g * ∼ 20 and it covers more than 1/3 of a square degree on the sky. Draco is one monitoring program for photometricity. These data are included in the public Early Data Release (EDR) (Stoughton et al. 2002) .
In the course of commissioning a survey, the images are reduced several times as the software evolves. The data presented here have been reduced three times. The first reduction is called "rerun 0," and second is "rerun 1." Most of the data included in this paper are from "rerun 1," with some exceptions which are noted in the text below. "Rerun 2" was the version released in the EDR, and differs from "rerun 1" only in a small overall calibration offset. Since we recalibrate all of the photometry ourselves, the difference is not important. So, an object which is listed in the catalog by the SDSS id 1336-1-5-60-950 (Run-RerunCameraColumn-Field-ObjectID) is the same object as 1336-2-5-60-950 in the EDR.
The seeing for the Draco scans was typically 1.8" FWHM. Intercomparison of objects detected twice in overlapping scans is a good indication of relative photometric error, and for objects with g * < 19, rms error for stellar sources is typically < 4%. For objects between 20 < g * < 21, typical errors are 8%, growing to 20% at g * = 23, near the detection limit. For reference, blue stars with 0 < B − V < 0.2 have a SDSS g * magnitude approximately equal to their Johnson V magnitude, while stars with g * − r * = 1 have g ∼ V + 0.45. In general, g * = V + 0.54(B − V ) − 0.07 (Smith et al. 2002) .
In order to obtain the best measurements at faint magnitudes, we used photometry derived from fits of the pointspread function (PSF) to stellar profiles. The SDSS code determines the PSF as a function of position in each CCD frame (1361 x 2048 pixels, or 9 ′ x 13.7 ′ ). While we were studying the stellar populations within Draco, we noticed a systematic shift in the color of the giant branch as a function of position within the Draco field. Further analysis showed that this result could be explained by systematic inaccuracies in the (PSF) photometry as modeled in the EDR reductions of the data (these systematics are corrected in later data releases). Since the code used to create the EDR did not accurately track rapidly varying point-spread functions, the PSF magnitudes in some regions of the sky were systematically shifted brighter or fainter by up to a tenth of a magnitude.
For this study, we were able to correct the EDR PSF magnitudes using the aperture magnitudes for bright objects. Although aperture magnitudes are quite noisy for faint stars, they are accurate for bright stars and not affected by the error in the calculated PSF. We used the brighter stars to calculate a correction to the PSF magnitudes, as a function of row and column in each frame. We fit a second degree polynomial to the deviations between the aperture and PSF magnitudes (mag( AP )−mag( P SF )) vs. CCD row and column for stars brighter than magnitude 19.5. We then used this polynomial to correct the photometry of all stars in the frame to the mean of the aperture photometry for that frame. The assumption here is that the aperture magnitudes are correct, and their calibration does not vary as the PSF varies across rows or columns. This is a good assumption if we capture practically all of the light in each object, even in the sections of data with poorer seeing.
The results of this correction procedure are shown in Figure 1 . The left panel shows the color-magnitude diagram for Draco, using PSF magnitudes, and the right panel shows the same diagram after correcting the PSF magnitudes. Though we did not use any information about the giant branch of Draco, notice that the giant branch of the dwarf galaxy is significantly narrower after correction. This is evidence that the correction technique significantly improved the accuracy of the photometry.
CREATING THE CATALOG
In order to generate a useful catalog of stars in the Draco dwarf galaxy, we first selected from the SDSS database those objects with 259
• < α < 261
• and 57.4 • < δ < 58.4
• , which were marked as unsaturated, and which were far enough from the edge of the frame that they were completely contained on a single CCD detector. This latter criterion effectively eliminates only quite extended galaxies near the edges, since there is enough overlap between frames that point sources are completely contained on at least one frame. We also removed duplicate measurements of the same astronomical object, either by multiple observation or multiple software measurements of the same observation, by choosing only observations marked in the SDSS as 'primary.' For each direction in the sky, only one observation and instance of processing is considered 'primary,' so this flag effectively removes duplicates.
To determine a centroid of our elliptical region, stars in our original data set were binned into boxes of area 0.05 degrees on a side. Then, we fit an elliptical Gaussian (right ascension and declination of the center, major and minor axes, a position angle, and sky), to the binned data. The adopted center of the distribution is: α = 17 : 20 : 13.2, δ = 57 : 54 : 45 (J2000). The exact center of the fit shifted by ten arcseconds depending on how we weighted the fit, which yields an error bar on our chosen center. Other sources such as Baade & Swope (1961) , Irwin & Hatzidimitriou (1995) , and Cotton, Condon, & Arbizzani (1999) report the center of Draco as: α = 17:20:13 δ = 57:55:11 (J2000, converted from B1950), α = 17:20.3 δ = 57:55.1 (J2000, converted from B1950), and α = 17:20:12.39 δ = 57:54:55.3 (J2000) respectively. These positions for Draco's center are in good agreement with the value we found in right ascension, and off by about ten arcseconds in declination. The major axis of the ellipse fit is nearly constant in declination (PA ∼ 90
• ) with Gaussian sigma 0.122 degrees (corrected for cos(δ)). The minor axis is 0.082 degrees in the declination direction implying an ellipticity of 1-0.082/0.122=0.33 in agreement with Hodge (1964) who found an ellipticity of 0.29 ± 0.04, and also in excellent agreement with Piatek et al. (2001) who find an ellipticity of 0.331 for Draco.
To increase the fraction of cataloged stars which are associated with the dwarf galaxy, we included only those stars in an elliptical region centered on the Draco dwarf galaxy (see Figure 2) , which extends to about one third of the tidal radius measured by Odenkirchen et al. (2001) . Of the 7417 objects within the area of this 2-sigma ellipse for our Draco catalog, 5492 were brighter than our adopted magnitude limit of 23.005 (this odd effective limit is due to rounding before the limit was applied). The actual number of SDSS objects in the final catalog, 5634, is slightly different, as 15 objects with suspicious SDSS photometry (mostly on bright star bleed trails) were removed, and 157 objects were added from previous data reductions of the same astronomical images. Positions on the sky of cataloged SDSS stars are displayed in Figure 2 . Faint SDSS detections (g * > 22) are shown as small black dots, while brighter stars are larger black dots. Galaxies (objects which the SDSS software determined to be extended) are not included in the plot.
The catalog presented in this paper overlaps several previously published photometric surveys of the Draco dwarf galaxy. The footprints of the five surveys which are crossreferenced to sources in our catalog are shown in Figure 2 . Our catalog also includes the fainter ten of the twelve Draco stars with accurate photometry from Henden and Munari (2000) . Their SDSS IDs, from brightest to faintest, are: 1339-1-5-62-26, 1336-1-5-61-148, 1336-1-5-61-119, 1339-1-5-61-384, 1336-1-5-61-478, 1339-1-5-61-366, 1336-1-5-61-370, 1336-1-5-61-294, 1336-1-5-61-685, and 1336-1-5-61-1227 . Since there are so few, we do not include a separate column in the catalog table. In the remainder of this section, we describe the construction of a catalog of Draco stars with cross-references to the other catalogs. Ultimately, the overlapping catalogs are used to generate a list of possible variable stars.
We list in Table 1 a summary of stars detected in each previous survey, along with numbers of matches to SDSS detections. The main data product of this paper, with format specified in Table 2 , is contained in the (electronic) Table 3. Table 3 contains identifications, magnitudes, colors and cross-references to other surveys for stars in Draco. The SDSS J2000 right ascension (in degrees), declination (in degrees), SDSS id (Run-Rerun-CameraColumnField-ObjectID), g * magnitude, and u * − g * , g * − r * , r * − i * , i * − z * colors of each object are listed as columns 1 through 8 of Table 3 , respectively. These magnitudes have been derreddened using the E(B-V) tabulated in column 9, as derived from Schlegel, Finkbeiner, & Davis (1998) . Following Cardelli, Clayton, & Mathis (1989) 
Measurements of the same objects in other catalogs are listed in columns 10 through 33, as described below. Note that the SDSS photometry is dereddened, while that of all the other catalogs is not. A flag indicating classification of the object as stellar ("s"), a resolved galaxy ("g") or of an indeterminant extent ("f" for faint) is indicated in column 34 of Table 3 . All stars with g * > 22 are classified as "faint." The 5766 lines in this table include the 5634 individual objects detected in the SDSS database, 19 objects from the Baade-Swope dataset which were not matched to SDSS objects, and 113 duplicate entries in cases where there exist Piatek objects in both the E1 and CO fields. The additional Baade-Swope entries were apparent in the SDSS images, so we were able to provide approximate astrometric positions even though no automated photometry was generated. We included multiple lines for Piatek duplicates to avoid adding yet four more columns to an already large table.
3.1. Photometry from Baade & Swope (1961) The survey of area of Baade & Swope (1961) is completely contained within our catalog. Since the individual right ascensions and declinations were not included for each star in the BS61 catalog, the stars were matched by comparing the finding charts with SDSS images. Of the 624 stars in Table C of BS61, 563 were cross-identified with an object in the SDSS catalog, available in the SDSS Early Data Release (EDR). An additional 24 objects were measured in a previous software reduction (rerun 0) of the same data, and were included in our catalog. The majority of the data in Table 3 are from a software reduction called "rerun 1." The second number in the third field of Table 3 is the SDSS id rerun number, thus, a 0 there would indicate that rerun 0 was used. The photometry for these latter objects could differ systemmatically by a small amount from the majority of the objects in the catalog, and were not corrected to match large aperture photometry of bright stars. Several other BS61 stars were apparent in the SDSS images, but were not reliably measured in any automated SDSS data reduction. In most cases, the star was close enough to a very bright star that the automated detection software had difficulty deblending it. The approximate positions for nineteen such objects are included in Table 3 , though no SDSS photometry is provided. One star could not be identified because it was not labeled in the BS61 finding chart. The remaining BS61 stars either could not be reliably identified on the SDSS images or lay close enough to an image defect that the data could not be used reliably.
The process of cross-referencing catalogs through visual identification of stars in finding charts and images is inherently prone to errors. To reduce and evaluate the error rate, several checks were performed. We plotted g * − V vs. B − V for a set of magnitude ranges (Figures 3a and 3b) . Here, g * is the SDSS magnitude which is most similar to V. Except in unusual cases, stellar photometry should produce an approximately linear relationship between g * − V and B − V . The scatter should increase with the photometric errors at fainter magnitudes. The derived color relations (SDSS dereddened values compared to BS61 undereddened values) are:
This transformation is only slightly different from that found in Fukugita et al. (1996) (hereafter F96), based on preliminary SDSS filter transmission design. Outliers on the g * − V vs. B −V plots were checked for mis-identification matches between SDSS and BS61, and several were found and corrected. Using the derived color transformations, the magnitudes of the detections of the same objects were directly compared in magnitude and color. Stars with significant differences in computed magnitudes or colors between different catalog observations are either variable, have unusual spectra which do not lead to linear color transformations, or are errors in either the SDSS or BS61 measurements. The outliers in magnitude are marked with diamonds in Figure 4a , and those outliers in color by diamonds in Figure 5a . Note that the photometry of BS61 is systematically shifted by several tenths of a magnitude at the faint end.
We compared the photometry between catalogs only for objects which are classified in the SDSS as stellar (column 34 of Table 3 ). Since the fraction of the light measured for galaxies differed between datasets, the inclusion of extended sources in the outlier detection process led to a large number of objects which appeared to vary in brightness from one observation to the next. This data cut did not have a large effect on the results from the BS61 data, since BS61 pre-selected only stellar objects, but is of greater import in comparing objects in other catalogs discussed below. Of the 586 BS61 objects matched to SDSS objects, only 25 were classified as galaxies by the SDSS, and 6 were fainter than 22 nd magnitude in g * (and thus are classified only as "faint" in Table 3 ).
Stellar objects with a significant calculated photometric difference between SDSS and BS61 are flagged in column 13 of Table 3 . Stars without significant photometric differences (as seen in Figures 4a and 5a) are flagged 0, stars with significant differences, but which have magnitudes and colors consistent with RR Lyrae variables (selection criteria are discussed below) are flagged as 1 and other variable candidate stars are flagged as 2 in this column. A flag value of 3 denotes an object which was not measured in the SDSS, BS61, or both. The BS61 id, V magnitude, and B − V values are found in columns 10, 11, and 12 of Table 3 , respectively.
Photometry from Stetson (1979)
The Stetson (1979) (hereafter S79) photometric survey consisted of new photometry for a subset (512 stars) of the BS61 catalog. The star identifications of the stars in Table V of S79 are the same star identifers as in Table C of BS61. Since the S79 stars are identical to the BS61 stars, the S79 photometric data were simply matched to the appropriate BS61 stars. The S79 id, V magnitude, and B − V values are found in columns 14, 15, and 16 respectively in Table 3 . The photometric difference flag in column 17 of Table 3 indicates whether or not there is a significant difference between the S79 (recalibrated BS61) photometry and SDSS data, as graphically shown in Figures 3c and 3d . The same (B, B −V ) → (g, g −r) transform was performed as was used for BS61, and the outliers are shown in Figures 4b and 5b . The values of the flags have the same meanings as they do for BS61 (0:no difference, 1:RR Lyrae candidate, 2:unknown variable candidate, 3:no SDSS detection).
Photometry from Carney & Seitzer (1986)
The survey area of Carney & Seitzer (1986) (hereafter CS86) is broken up into two overlapping fields: Field 1 and Field 2. The total area (27 square arcminutes) of these two fields is completely contained within our catalog. Each of the two fields covers 4 ′ .5 in declination and 2 ′ .9 in right ascension and an outline of the field boundaries is drawn in Figure 2 . Each field is approximately centered on a BS61 star; Field 1 is centered on BS69 star 92 and Field 2 on star 289. The two fields overlap by 3.4 square arcminutes (26%). An x and y value (in pixels) is given for each star in the two fields. To convert these x and y values to right ascension and declination, we created a transformation for each field. These transformations are accurate within about 1 arcsecond (rms). The transformation for Field 1 is:
and for Field 2 the transformation is:
About half of the stars in each of the two fields were faint (V ≥ 23), and were not matched to the SDSS data. 370 of the 547 Field 1 stars were matched to SDSS detections, and 292 of the 423 Field 2 stars were matched. Most of the stars that were not identified had V > 22.5). Since the unmatched stars were not clumped in position on the sky, we believe that the coordinate transformation is not responsible for the fact that many of stars are not found in common between the catalogs. Almost all of the unmatched CS86 stars were either fainter than 23rd magnitude in V or close enough to brighter stars that the SDSS deblender did not identify them as isolated sources.
We used the same method to reduce and evaluate the error rate in CS86 data as we did in BS61 data. The transformation from B,V photometry to g * , r * photometry was different, however. The transformation from F96 was a good match to the data, so it was adopted:
The computed g * values would differ by a few percent if we used the transformations derived in Smith et al. (2002) from comparisons of SDSS standard stars to Landolt standards. A comparison of our photometry with the corresponding photometry from ten stars in Henden and Munari (2000) support the claim that the Smith et al. (2002) transformations are a better match to modern CCD photometry than the theoretical transformations of F96. Since we are using the transformations only to look for outliers, it doesn't matter if the overall transformation is off by a few percent (either due to the transformation or the fact that our magnitudes are dereddened and CS86 data is not).
Figures 3e, 3f, 4c and 5c show the photometric comparisons between SDSS and CS86 data, and the outliers chosen as candidate variables. Twenty candidate variable objects were identified (of which 16 are consistent with Draco RR Lyrae variables in color and magnitude). These objects are either variable, have unusual spectra, or highlight photometric errors in at least one catalog. The CS86 Field 1 id, V magnitude, B − V color, and variability flag are found in columns 18, 19, 20, and 21, respectively, and the CS86 Field 2 id, V magnitude, B − V color, and variability flag are found in columns 22, 23, 24, and 25, respectively.
Photometry from Piatek et al. (2001)
Out of the nine tables in and around Draco in Piatek et al. (2001) (hereafter P01), only three (Tables a, b, and d) overlap data within our catalog. Field C0 from P01 contains the majority of stars found within our catalog. Of the 11381 C0 stars within our catalog region, 4796 stars matched to stars within our catalog. 132 of the unidentified stars were found in the rerun 0 version of the reduction software. As was true in comparing our catalog to those of BS61 and CS86, most of the unmatched stars brighter than V = 22.5 were not detected in the SDSS because they were not deblended from bright stars. Out of the 1294 stars in E1 (P01 Table b ) and 191 stars in W1 (P01 Table d ) within our catalog region, 444 and 60, respectively, stars were identified in our catalog. An additional five of the unidentified stars in Table b and two of the unidentified stars from Table d were found in the rerun 0 version of the reduction software. A total of 5326 matches to P01 objects were made out of a total of 5634 unique objects in the SDSS catalog. Again, about 90% of the stars brighter than V = 22.5 are matched with objects in the SDSS database.
For bluer colors, V − R ≤ 0.875, the F96 color transformations work well:
For redder stars, we used the transformation:
Figures 3g, 3h, 4d, and 5d show a comparison of the photometry between P01 and SDSS catalogs; stars with inconsistent photometry are marked with a diamond-shaped symbol. 134 of the 2374 matched objects are flagged as possible variable stars. Due to saturation of P01 photometry on the bright end, we did not compare photometry for stellar objects brighter than V = 17. The P01 id, V magnitude, V − R color, and match flag are found in columns 26-29 of Table 3 , respectively.
Note that in cases where there is a match of the same SDSS star to a P01 C0 and either a P01 E1 or P01 W1 field, that there are two lines of entries in Table 3 , one for each match, with the SDSS information duplicated.
Photometry from Grillmair et al. (1998)
The survey of area of the HST observations of Draco by Grillmair et al. (1998) (hereafter G98) is completely contained within our catalog and is roughly centered and almost completely contained within CS86 Field 1 (See Figure 2) . It was necessary to create a transformation from G98 x and y to R.A. and Dec. for the three G98 fields (WF2, WF3, and WF4). 
These fields are from one pointing of WFPC2.
The G98 data are taken with the Hubble Space Telescope and therefore includes very faint stars. There are 50 stars with V magnitude ≤ 23 in the WF2 data, 46 in the WF3 data, and 56 in the WF4 data. A total of 88 stars were matched by position to stars in our catalog, including 6 from the "rerun 0" version of the catalog. Since F96 provided no transformations from V,I to g * , r * filter systems, we generated our own transformation equations from the data:
The G98 id (id-WF chip number), V magnitude, V − I color, and photometric matching flag are found in columns 30, 31, 32 and 33 of Table 3 , respectively. No stars were selected as variables by comparison to the G98 catalog (see Figures 3i, 3j , 4e and 5e).
ANALYSIS
The catalog of Table 3 is intended to provide a reference to researchers interested in the stellar populations and structure of Draco. The extensive cross-references to the literature provide an opportunity to select variable candidates based on multi-epoch photometry over a long baseline. Though the filter systems are inhomogeneous, roughly linear behavior for most colors yields a good list of candidate variables across the Draco field. Table 4 are: right ascension, declination, SDSS ID, SDSS g * , g * − r * , u * − g * , suspected variable type (RR Lyrae , QSO, Cepheid or Unknown), matching catalog (BS61, S79, CS79, P01, or G98), and the δg * and δ(g * − r * ) between the SDSS observation and the transformed magnitude and color of the cross reference observation onto the SDSS (g * , g * − r * ) system. A positive value of delta g * or delta g * − r * means the star was fainter or redder respectively in the SDSS than in the comparison catalog. The last column gives the identity of the object from other catalogs.
Since the observations with the full set of filters for SDSS observations for each object are obtained within minutes of each other, most stars can be expected to be at a single point in their light curve. By plotting the colors of known RR Lyrae stars from BS61, we determined that in Draco these variable stars lie in a narrow region of the H-R diagram (see Figure 6 ). Therefore, we tentatively identify all 112 stars in the range 19 < g * < 20.8, g * − r * < 0.4, 2.7(g * − r * ) + 19.2 < g * < 2.7(g * − r * ) + 20.1 as RR Lyrae candidates. These objects have a one in the variability flag fields of Table 3 , and are labeled as "RR Lyrae" in Table 4 . Objects which are suspected to vary but which do not lie in the region inhabited by RR Lyrae stars have a one in the variability flag fields of Table 3 and are labeled as "unknown" in Table 4 . There are only 30 objects suspected of varying which have colors outside the region known to contain RR Lyrae variables. A few of these might be RR Lyrae variables as well, as their colors place them only slightly outside our RR Lyrae color box.
The location of all variable candidates is summarized in the color magnitude diagram presented in Figure 6 . Variable candidates from each cross-referenced catalog are marked with a separate color while all SDSS stars are indicated as black dots. The variables from the BS61 survey are well confirmed (Nemec 1985) with full light curves. We were able to find the positions of 135 of the 137 BS61 variable objects within eight arcminutes of the center of Draco. Two of the 137 did not appear to be in the central part in the finding charts, so they were not included. Note that the numbering system for the BS61 variable stars is separate from the photometric table with which we matched our data; we did not match the photometry for the variable star list. We recover 82 (60%) of the 135 BS61 variables, which are identified in the last column of Table 4 . We also recover 28 numbered BS61 variables outside the inner eight arcminutes, and three BS61 variables which were not given a number. Since most of the variables were detected from only two epochs of photometry, we would not expect to recover all of the variable objects in Draco from this technique.
Two of the variable candidates (1339-1-5-60-207 and 1339-1-6-61-504) are known quasars from Schneider et al. (2002) . These objects are indicated by a large black circle in Figure 6 , and labeled "QSO" in the last column of Table 4 .
Five known carbon stars are included in Table 3 . SDSS stars 1336-1-5-61-267, 1336-1-5-61-436, and 1336-1-5-61-484 correspond to Aaronson, Liebert, & Stocke (1982) stars C2 = J, C1, and C3, respectively. SDSS stars 1336-1-5-60-249, 1336-1-5-61-436, and 1336-1-5-60-294 correspond to Margon et al. (2002) Figure 6 , and is identified as type "Carbon" in the last column of Table 4 .
CONCLUSIONS
A matched catalog of 5634 objects in the Draco dwarf field, extending over four times the area of the Baade & Swope (1961) Using only stellar sources with g * < 23, we identify 142 candidate variable stars, of which 113 were identified as variables in BS61, one is a known carbon star, and two are known QSOs. Since the SDSS observations were taken nearly simultaneously in all filters, the catalog colors and distance to the Draco dwarf can be used to identify potential RR Lyrae stars. Nearly 80% of the candidate variable objects have colors consistent with those of RR Lyrae variables. Only 6 (23%) of the 26 objects which do not have previous identifications are classified as RR Lyrae candidates on the basis of their colors. We report all astrometric and photometric transformations used to compare our data with previous catalogs.
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